THE LARGE number of oral diuretics brought on the market every year has increased the demand for a simple screening test by which clinical comparisons can be made between well-known and new diuretics without too large expenditure of time and money. Although all oral diuretics in use probably act through inhibiting the tubular reabsorption of electrolytes and water, it has been apparent, especially since the introduction of derivatives of chlorothiazide, that even small changes in side chains may profoundly alter the pattern of water and electrolyte excretion.
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The main purpose of an acute screening test is to compare the potencies of the drugs to excrete sodium and water and to determine whether the new compound may give rise to smaller or larger electrolyte disturbances. The main disturbances that may be produced by chlorothiazide are hypokalemia, hyponatremia, and hypochloremic alkalosis. The hypokalemic effect may be evaluated through the surplus of potassium excreted. The hyponatremic effect is dependent on the ratio between the additional amounts of sodium and water excreted. The hypochloremic effect depends on the magnitude of the ratio between sodium and chloride excretion.
The necessary information about poteney and side effects should be attained in as few days as possible. Since the purpose of a diuretic usually is to remove edema caused by heart failure, it is obviously more reasonable to test the drug when it removes edema than when the patient is in sodium balance.
The increase in sodium and water excretion The main purpose of the present investigation is to show that in a properly planned experiment the necessary information concerning acute effects of 2 diuretic agents may be obtained from only 12 patients in 3 days.
Methods
The 12 patients with signs of right heart failure had stayed in the hospital for several days when they were included in this study, but they still had moderate peripheral edema. During the study the patients were on a metabolic ward. They did not receive diuretic agents, but other medications required for control of heart failure, such as digitalis, were continued throughout the trial. None of these medications was initiated during or immediately before the study.
The diet given during and at least 5 days preceding the study was the ordinary low-salt diet used in the hospital for the treatment of heart failure. No attempts were made to define or standardize this diet any further. The first day of the study the patients were allowed to choose how much they wanted to drink. This amount of fluid intake was kept constant during the 2 following days. Four patients with larger degrees of edema were kept in bed, while the others were ambulatory.
Urine was collected in 24-hour periods. The volume was measured to the nearest 5 ml. The urine was analyzed for sodium and potassium concentration by rmeans of a Baird indirect flame photometer. Magnesium was determined by the method of Orange and Rhein,4 calcium by a modification of the method of Fales,5 and chloride by the method of Schales and Schales.6
The effects of 2 diuretic agents, chlorothiazide and hydroflumethiazide (Rontyl) and placebo tablets (milk sugar) were compared. The difference between hydrochlorothiazide and hydroflumethiazide (6-trifluormethyl-7-sulfamyl-3, 4-dihydro-1,2,4, benzothiadiazin-1, 1-dioxide) is that a chlorine atom is substituted with trifluormethyl. Table 1 Sequence of Administration of Drugs anid PIlacebo The daily doses of the diuretic agents were 2 Gim. of chlorothiazide or 200 mg. of hydroflumethiazide, divided in equal doses given at 8 :00
KII7L
A.M. and 12 aoon. Previous inivestigations1 7 had shown these doses to give optimal natriuretic effect. The 2 diuretic agents and placebos were adninistered in the course of the 3 days of the studv in all permutations (table 1). Each sequence of administration was followed for 2 patients, ehosen at randoml, so that on the first 3 days of the study 4 patients :received chlorothiazide, 4 hydrofluimiethiazide, and 4 placebo tablets. Through this design each drug was given the samne ehange inl sequence to comnpare its acute effects. Table 2 shows the daily exeretion of sodium, potassium, chloride nieasured in nmilliequivalents and the daily excretion of water mleasured in milliliters. The sequence of treatments is indicated with letters, so that, for instance, CPR indicates that chlorothiazide was given the first day, placebo the secolnd day, and hydroflumethiazide (Ronityl) the third day. Each value is the average of the daily exeretion of 2 patients. The variation froint one permutation to another is, however, eonsiderable as shown in the last columin of the table. At the bottomn of each section of the table the total and the daily mean output of solutes and water during each treatment is given. Slightly more sodiumii was excreted during ehlorothiazide treatment, whereas more chloride was excreted following administration of hydroflunethiazide. Figure 1 shows that mnagnesium excretion was independent of urinary flow when the diuresis varied between 600 and 2,500 ml. It is also apparelnt that the 2 diuretic agents did not specifically influence the exeretioni of magnesium. Figure 2 shows that caleium exeretion varied slightly more than magnesium exere-tioIn. There is no correlation between magnesium and calcium output and no evidence that the diuretic agents influeniced caleiunm exeretioni.
Results
The urine became more alkaline in all 12 cases during chlorothiazide thaii during placebo administration. The range of the differenees in pH wvas 1.1 to 0.2, with a mleani of 0.67. Between days of hydroflumethiazide and days of placebo administration there was no significant change of pH of urine.
Statistical Treatment
Because of the design of the experiment the error variance could be considerably reduced through analysis of variance. By this technic the variation due to days and to permutations could be aceounted for. As indicated in table 3 the variation between permutations and the variation between days are mostly highly significant when tested by comparison with the error mean square. This signifies that by taking into account these sources of variation the error variance is reduced. Since the effects of treatments eventually are demonstrated by comparison with the error variance, the design of the experiment has made it more sensitive and increased the possibility of demonstrating differences between treatments. The effect of treatments may be resolved in 2 comparisons by use of the rules of orthogonality.8 The first comparison is between the effects of the 2 diuretics. The second comparison is between the diuretics on the one hand and the placebo "treatment" on the other.
The results of these comparisons are shown in the lower parts of table 3. The natriuretic and chloruretic effects of the 2 diuretics are not different as shown by this analysis, whereas the natriuretic and chloruretic effects of both diuretics are far above the placebo effect. Both diuretics increase the diuresis, but water excretion is significantly larger during administration of chlorothiazide than during hydroflumethiazide.
The kaliuretic effect is significantly less for hydroflumethiazide than for chlorothiazide although the difference in potassium excretion between treatments is slight. The hypochloremic effect was tested by comparing the natriuretic and the chloruretic properties of the drugs. If there were no difference between the diuretic agents, the ratio of the excreted amounts of sodium and chloride during hydroflumethiazide and chlorothiazide administration, respectively, should be equal, and ae- cordingly Nap1/Clp . Nac/Clc = 1. The sodium:chloride ratio for hydtofiumethiazide in all 12 cases was lower than the sodium: chloride ratio for chlorothiazide, and all the ratios as indicated above were below 1, the range being 0.89 to 0.61, with a mean of 0.74. The probability that this finding should be due to chance is 1/2 to the twelfth power or less than 1 per 1,000. At equal natriuretic effect hydroflumethiazide accordingly has a higher chloruretic effect than chlorothiazide. When a diuretic agent increases the sodium concentration of urine above normal, through prolonged use it may reduce the sodium concentration of the extracellular fluid and accordingly have a hyponatremic effect, especially if the sodium concentration of the additionally excreted urine is far above the plasma sodium level.
If NaR and Nap are the sodium excretions during hydroflumethiazide and placebo administration, respectively, and DR and Dp are the diureses during these treatments, the expression NaR -Nap/DR-Dp is the sodium concentration of the surplus of urine excreted during hydroflumethiazide administration. From the data presented in table 2 it was shown for all 6 permutations that the sodium concentration and the chloride coneientration (calculated in a similar way) of the additional urinary output during hydroflumethiazide action were far above serum levels, the mean concentrations for sodium and chloride being 353 and 407 mEq. per liter. The corresponding mean concentrations during chlorothiazide action were 176 and 122 mEq. per liter, but these concentrations are not significantly higher than the serum levels, since 2 of the 6 determinations showed values below the serum levels.
For all 6 permutations the sodium and the chloride concentrations were higher during hydroflumethiazide than during chlorothiazide action. The probability that this should be due to chance is 1/2 to the sixth power or less than 2 per cent.
Discussion
Variability in response to drugs is a problem in the design and interpretation of nearly all clinical experiments. It has been recognized for a long time that less variability in response will be found if the patient is used as his own control instead of treating 2 or more groups of patients with different diuretic agents.
The major problem has been, however, that the response to the drug changes during treat-ment, when edema is removed aild the clinical condition inlproves. When an effective diuretic agent is given for a period of 4 or 5 days,7 it may remove the major part of the edema the first 2 days. A diuretic agent of less potency may induce a smaller diuresis, which mnay, however, persist over a longer period anid result in a niearly equal total loss of fluid in the course of a days. To avoid too large variability the test period should be so short that edema is not completely removed. By high doses of chlorothiazide or its derivatives edema may be removed so rapidly that constant body weight is attained in 3 days. 9 Statistical analysis of this study shows that the response varied from day to day. In contrast to the controlled clinical experiment in which all factors but one are controlled, the permutation arrangement of treatments permits a comparison of the effects of diuretic agents (or various dose levels of the same diuretic agent) during the whole period of dynamic changes when edema is removed. The reason for avoiding complete removal of edema even with this design is that the difference in effect between diuretics of different potency will be reduced when the available sodium stores are emptied. On the other hand, if the test period for each drug is too short, the effect of the preceding diuretic agent will still be present when the next drug is given. A confounding of effects will be produced and the difference in response between diuretits will vanish and the placebo effect inerease.
It should be borne in mind that differences in acute effects may elicit different responses during ehronic use. Some of these responses may be compensatory. Acute experiments do not therefore abolish the need for prolonged experimients, but the planning of such experiments is considerably simpler. Some authors have tried to reduce the variability in response in acute experiments by equilibrating the patient on a diet containing exactly 50 mEq. of sodium daily until "a constant amount of sodium which approximated 90 per cent of their dietary sodium "1 has been excreted. A patient in equilibrium is Through the use of the mean output from each 2 patients receiving the treatments in the same sequence, the variance within patients is reduced and the statistical calculations are simplified. From the tables it is apparent, however, that the "error variance " is larger for sodium than for potassium excretion. The sodium output may vary considerably from day to day, even in the normal man eating a constant diet. It is therefore assumed that most of the "spontaneous " variability was due to other causes thaii variation in sodium intake and therefore that a strict standardization of the low-salt diet would not be necessary.
Current theories of electrolyte exeretion assume that concentration of sodium in urine above serum level can only be established through a selective water reabsorption at a point distal to the level of sodium reabsorption, probably in the collecting tubules.'" When hydroflumethiazide increases the sodium concentration far above serum level, this effect cannot be explained by reduced sodium reabsorption in the tubules, but must be due to increased water reabsorption. Chlorothiazide produces a similar effect,12 although according to the present data it is quantitatively less pronovneed.
In order to investigate whether this effect is ind.ependent of the-antidiuretic hormone, 1.5 liters of water were given to 6 patients convalescent from conditions unaccompanied by edema, and urine was collected for 3 hours.
The first day placebo tablets and the next day 200 mg. of hydroflumethiazide were given 2 hours before administration of water. The response varied considerably and the urinary output increased in only 3 cases after hydroflumethiazide. The sodium output, however, increased in all cases. The total increase in sodium output divided by the total increase in urine was 336 mEq. per liter, suggesting that free water reabsorption is increased also when antidiuretic hormone presumably is absent,
In terms of the countercurrent concept"l this effect may be due to a change in permeability for water or through an increase in the osmolal gradient between the extracellular compartment in the renal papilla and the collecting tubules. Whether this effect is an acute one or whether it also is present during prolonged use of hydroflumethiazide (and aecordingly of importance in the treatment of diabetes insipidus) remains to be investigated.
The permutation trial is not suited for a more thorough investigation of physiologic mechanisms, but may as this example shows be useful as a screening test. The permutation arrangement is only advantageous when the extraneous variation, such as variation among days or among patients, is significantly larger than the variation within patients. Its success also depends on whether or not the objective results of treatments can be expressed numerically. Therefore in probably rather few other fields of clinical medicine can it be applied. Its force in the investigation of the effects of diuretics is that the permutation trial can be used even in the ordinarily equipped hospital without serious interference with current
treatment. Summary
In order to increase the aniount of information per day of observation the permutation trial is introduced in the study of acute effects of diuretic agents.
Chlorothiazide and hydroflumethiazide in optimal doses (2 Gm. and 200 mg. daily) and placebo tablets were given, 1 drug on each of the 3 days of the study, in all permutations to 12 patients treated by current methods for right heart failure.
The error variance of sodium, potassium, chloride, and water excretion was reduced by taking into account the variation due to perniutations and days.
Chlorothiazide showed a stronger diuretic action than hydroflumethiazide, whereas the natriuretic effects were not significantly different as judged by analysis of variance. Hydroflumethiazide was less kaliuretic.
Magnesium exeretion was independent of diuresis. Neither of the diuretics showed any effect on magnesium and calcium excretion. The ratio of sodium and chloride excretion was significantly lower during hydroflumethiazide than during chlorothiazide action. The calculated sodium concentration in the additionally excreted urine during hydroflumethiazide administration was far above serum levels (the mean of 12 observations was 353 mEq. per liter), and significantly higher than during chlorothiazide action. This effect was also demonstrated in 6 control patients during water loading, suggesting that hydroflumethiazide increases free water reabsorption also when antidiuretic hormone is absent.
Comparison of the acute effects of diuretic agents is through the permutation trial made possible in the ordinarily equipped hospital without serious interference with current treatment.
Summario in Interlingua
Pro augmentar le quantitate de information obtenite per die de observation, le essayage comparative per administrationes in ordines permutational es introducite in le studio del effectos acute de agentes diuretic. Chlorothiazida e hydroflumethiazida in dosage optimal (2 g e 200 mg per die, respectivemente) e tablettas de placebo esseva administrate, un del medicationes per die durante le 3 dies del studio, in omne le permutationes possibile, a 12 patientes qui se trovava sub tractamento pro discompensation dexterocardiac secundo le currente methodos. Le variantias de error pro le excretion de natrium, kalium, chloruro, e aqua esseva reducite per prender in consideration le variation causate per le permutationes e le dies.
Chlorothiazida e hydroflumethiazida in dosage opuretic. Hydroflumethiazida monstrava un plus forte action chloruretic. Le action natriuretic del duo non differeva significativemente secundo le analyse del variantia. Hydroflumethiazida esseva minus kaliuretic.
Le excretion de magnesium non dependeva del diurese. Nulle del duo diureticos exhibiva un effecto super le excretion de magnesium e de calcium. Le proportion del exeretion de natrium a illo de chloruro esseva significativemente plus basse post le administration de hydroflumethiazida. Le calculate concentration de natrium in le surplus de urina excernite durante le administration de hydro-
